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(57) ABSTRACT

A rotor having a dividable core for an electric motor, and a
production method thereotf. A rotor has a generally annular
supporting member; a plurality of shaft portions positioned
on the supporting member 1n a circumierential direction at

regular intervals, the shait portions extending generally par-
allel to a rotation axis of the rotor; and a plurality of divided

cores each having a hole portion which is fitted to each shatt
portion. By annularly connecting the divided cores, a gener-
ally annular dividable core for the rotor 1s formed. Each
divided core has connecting portions at both circumierential
ends thereot, and each connecting portion 1s configured to be
connected to a connecting portion of a neighboring divided
core while the divided core 1s fitted to the shait portion.

8 Claims, 3 Drawing Sheets
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ROTOR HAVING DIVIDABLE CORE FOR
ELECTRIC MOTOR AND PRODUCTION
METHOD THEREOF

REALATED APPLICATIONS

The present application claims priority from Japanese
Application No. 2012-010248, filled Jan. 20, 2012, the dis-
closure of which 1s hereby incorporated by reference herein in
its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a rotor having a dividable
core for an electric motor, and a production method thereof.

2. Description of the Related Art

Generally, a rotor of an electric motor has a core which 1s
constituted by stacking magnetic steel sheets, punched into an
annular shape, 1n a direction of a rotation axis thereof. How-
ever, 1n some production methods of an (1in particular, large)
clectric motor, in order to effectively use the magnetic steel
sheets, a stator and/or the core of the rotor are not punched
into an annular shape, 1nstead, are punched into a plurality of
members which are divided 1n a circumierential direction of
the annular shape, and then the plurality of members are
connected so as to form the annular shape.

For example, Japanese Unexamined Patent Publication
(Koka1) No. 2000-116074 discloses a stacking mold device
and a stacking method for a core member. Concretely, para-
graph [0004] and FIG. 17 of this document describes that a
first core member 4 1s formed by aligning a plurality of core
pieces 3 1in a band shape, and core pieces 3 similar to the core
pieces of first core member 4 are aligned 1n a band shape on
first core member 4 so as to form a second core member 3 so
that the first and second core members are symmetric 1n the
longitudinal direction. These procedures are repeated so that
edge portions 3a of core pieces 3 of first and second core
members 4 and 5 are overlapped with each other, and edge
portions 3a are rotatably coupled to each other by means of a
pin member 6.

On the other hand, Japanese Unexamined Patent Publica-
tion (Koka1) No. 2002-262496 discloses a core structure of a
rotary electric machine. Concretely, paragraph [0014] of this
document describes that “a divided core 1 1s formed by divid-
ing a rotor core of a rotary electric machine nto four sector
shapes. On circumierential edge surfaces of divided sector
core 1, key-shaped convex and concave features 2a and 26 are
tormed. In divided core 1, a slit 3 for inserting a magnet, and
a dowel 4 for alignment used when stacking the cores, are
tormed. Key-shaped convex and concave features 2a and 256
may be fitted to each other as shown in FIG. 2, and a circular
plate may be formed by combining four divided cores 1.7

When a core 1s dividable as described in Japanese Unex-
amined Patent Publication (Koka1) No. 2000-116074 or Japa-
nese Unexamined Patent Publication (Kokai) No. 2002-
262496, magnetic steel sheet may be effectively used, on the
other hand, production man-hours are increased due to a large
number of components. When fitting (connecting) each com-
ponent constituting the dividable core, a gap between each
component may be uneven, a distance between poles may
also be uneven, and therefore the electric motor may not be
smoothly driven. When the fitting gap 1s eliminated, work-
ability of the core 1s usually deteriorated, whereby the pro-
duction man-hours are further increased. Therefore, in a rotor
or stator using a dividable core, 1t 1s desired that (1) the core be
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casily produced (production man-hours are few) and that (11)
a gap between each component 1s even.

Further, when a dividable core 1s used for a rapidly rotating,
rotor, the rotor 1s often mechanically reinforced so that the
rotor may haveresistance to a centrifugal force when rotating,
as well as a reaction torque. Therefore, while the number of
components 1s increased by using a reinforcing member, the
above points (1) and (11) are still desirable.

SUMMARY OF THE INVENTION

In view of the above problems, the object of the present
invention 1s to provide a rotor having a dividable core for an
clectric motor, and a production method thereof.

One aspect of the present invention provides a rotor of an
clectric motor, comprising: a generally annular supporting
member; a plurality of shaft portions positioned on the sup-
porting member 1n a circumierential direction at regular inter-
vals, the shait portions extending generally parallel to a rota-
tion axis of the rotor; and a plurality of divided cores each
having a hole portion which i1s fitted to each of the shaft
portions and a connecting portion configured to be connected
to a connecting portion of a neighboring divided core,
wherein each of the divided cores 1s connected to the neigh-
boring divided core by means of the connecting portion while
being fitted to the shait portion so that a generally annular
core 1s formed.

In a preferred embodiment, the connecting portion of the
divided core 1s configured to be connected to the connecting
portion of the neighboring divided core by rotating the
divided core about the shait portion.

In a preferred embodiment, the rotor further comprises a
cylindrical member which is fitted to an 1nner portion of the
generally annular core.

In this case, 1t 1s preferable that an outer diameter of the
cylindrical member be larger than an mner diameter of the
generally annular core, and the cylindrical member be fitted
to the inner portion of the generally annular member by
interference fit.

In a preferred embodiment, the rotor further comprises a
permanent magnet disposed between neighboring divided
cores so that a magnetizing direction of the permanent mag-
net 1s perpendicular to a radial direction of the rotor.

In a preferred embodiment, the hole portion has a polygo-
nal shape, and the shaft portion has a polygonal column
shape.

In a preferred embodiment, the hole portion has a circular
shape, and the shaft portion has a solid or hollow cylindrical
shape.

Another aspect of the present invention provides a produc-
tion method of a rotor of an electric motor, the method com-
prising the steps of: positioning a plurality of shait portions on
a generally annular supporting member 1n a circumierential
direction at regular intervals, the shait portions extending
generally parallel to a rotation axis of the rotor; fitting a
plurality of divided cores to respective shaft portions, each
divided core having a hole portion which 1s fitted to each of
the shait portions and a connecting portion configured to be
connected to a connecting portion of a neighboring divided
core; and forming a generally annular core by rotating at least
one of neighboring divided cores about the shaft portion so
that the connecting portions of the neighboring divided cores
are connected to each other.

In a preferred embodiment of the method, the method
turther comprises the step of fitting a cylindrical member to
an mner portion of the generally annular core by interference
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fit, after the step of forming the generally annular core by
connecting the divided cores to each other.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present mnvention will be made more apparent by the follow-
ing description of the preferred embodiments thereot, with
reference to the accompanying drawings, wherein:

FIG. 1 1s a view of a schematic configuration of a rotor of
an electric motor according to one embodiment of the present
imnvention;

FIG. 2 1s an enlarged view around a divided core of the
rotor of FIG. 1;

FIG. 3 1s a view showing an example wherein a protruber-
ance 1s arranged on a connecting portion of the divided core;

FI1G. 4 1s a view showing an example wherein a cylindrical
member 1s fitted to an mner portion of the rotor of FIG. 1;

FI1G. 51s a view showing an example wherein a hole portion
of the divided core and a shatt portion 1nserted into the hole
portion have a polygonal shape; and

FIG. 6 1s a view showing an example wherein permanent
magnets are arranged to the rotor of FIG. 4.

DETAILED DESCRIPTION

FIG. 1 1s a view of a schematic configuration of a rotor 10
of an electric motor according to one embodiment of the
present invention. Rotor 10 has a generally annular support-
ing member 12; a plurality of shaft portions 14 positioned on
supporting member 12 1n a circumierential direction at regu-
lar intervals, the shaft portions extending generally parallel to
a rotation axis of the rotor; and a plurality of (the same
number as shait portions 14) divided cores 18 each having a
hole portion 16 which 1s fitted to each of shait portions 14. In
the 1llustrated embodiment, twelve shait portions 12 are posi-
tioned at intervals of 30 degrees, and each shatt portion 1s a
cylindrical spring pin. By annularly connecting divided cores
18, a generally annular dividable core for rotor 10 1s formed.

In particular, as shown in FIG. 2, each divided core 18 has
connecting portions 20a and 205 at both circumiferential ends
thereot, and each connecting portion are configured to be
connected to a connecting portion of a neighboring divided
core while the divided core 1s fitted to (for example, by press-
fit) shait portion 14. In detail, first connection portion 20a
formed at a right side of one divided core 18 1s connected to
second connection portion 206 formed at a left side of a
right-hand neighboring divided core, and second connection
portion 205 formed at a lett side of the one divided core 18 1s
connected to first connection portion 20aq formed at a right
side of a left-hand neighboring divided core. For example,
spring pin 14 may be positioned on supporting member 12 by
inserting a hole 22 formed on supporting member 12 1n the
circumierential direction at regular intervals.

For example, divided core 18 may be formed by press-
cutting a magnetic steel plate by means of a press machine,
etc. Each divided core may be formed as a single piece,
otherwise, may be a block which 1s formed by stacking a
plurality of (for example, ten to twenty) plate members in a
direction (in FIG. 2, the vertical direction as shown by an
arrow 24) generally parallel to the rotation axis of rotor 10. In
the latter case, the divided core may be formed by sequen-
tially stacking the plurality of plate members on supporting,
member 12 while being fitting to one shaft portion 14. Oth-
erwise, a block-shaped divided core such as core 18 of FI1G. 2
may be previously formed by caulking, etc., and then the
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block-shaped core may be fitted to shait portion 14 and
located on supporting member 12.

In the embodiment of FIG. 2, although both connecting
portions 20a and 205 of each divided core 18 have a hook-like
shape, the present invention 1s not limited thereto. Further,
although each divided core 18 1s 1dentical to each other, the
present mvention 1s not limited thereto. For example, two
types of divided cores may be provided, 1.e., one type has
identical concave connecting portions on the left and right
sides thereof, and the other type has identical convex connect-
ing portions on the left and right sides thereof, wherein the
two types are alternately aligned so that the concave portion
and the convex portion are engaged with each other.

As shown in FIG. 2, when connecting portions 20aq and 205
are formed as hooks having front ends which extend in a
generally radial direction of the rotor and extend opposing
directions (see 28a and 285 1n FIG. 3), neighboring divided
cores may be connected to each other, by rotating at least one
of the neighboring cores about shait portion 14 (1n the 1llus-
trated embodiment, rotating divided core 18 on the right side
in a direction indicated by an arrow 26) while shatt portion 14
1s inserted into the core. As such, 1n the configuration wherein
the connecting portions may be connected by rotating the
same, the press-fitting operation of divided core 18 1nto shaift
portion 14 and the connecting operation of connecting por-
tions 20a and 205 may be separately carried out, whereby the
operations may be easily carried out. Further, since divided
cores 18 are fitted to respective shait portions 14 arranged on
supporting member 12, each divided core 18 may be accu-
rately positioned. Therefore, the connecting portions of the
neighboring cores may be connected with no gap therebe-
tween, whereby an annular core with high dimensional accu-
racy may be obtained.

In the core as shown 1n FIG. 17 of Japanese Unexamined
Patent Publication (Kokai) No. 2000-116074, it could be
understood that a plurality of core pieces are rotated by using
pin members as joints, so that the core pieces cooperatively
constitute a circular rotor. However, 1n such a structure, a gap
at the joint may be a problem, 1n particular when the structure
1s used for a stator of an iner-rotor type electric motor, and
thus a casing may be fastened by interference fit from the
outside of a circular core so as to eliminate the gap. However,
since the gap 1s increased when a member such as cylindrical
member 32 1s fastened by interference {it from the 1nside, 1t 1s
difficult to equalize the gap at each joint. Further, in the
structure as shown in FIG. 17 of Japanese Unexamined Patent
Publication (Kokai) No. 2000-116074, the inserting opera-
tion of the pin member 1nto the core piece and the fitting
operation of the convex-concave portions of the neighboring
core pieces must be simultaneously carried out, whereby the
operations are difficult to carry out.

On the other hand, in the divided cores as shown in FIG. 8
of Japanese Unexamined Patent Publication (Kokai) No.
2002-262496, 1t could be understood that the divided cores
are alternately stacked for accommodating the affect of the
centrifugal force applied to rnivets 9 which fasten the divided
cores, and the divided cores neighboring 1n the circumieren-
t1al direction are connected to each other by means of convex-
concave shapes 2a and 25. However, 1s such convex-concave
shapes, the divided cores cannot be connected by rotating the
same as shown 1n FIG. 2, the workability thereof 1s not good.
Further, in the assembly sequence of the core 1n Japanese
Unexamined Patent Publication (Kokai) No. 2002-262496, 1t
could be understood that fastening by using the rivet is finally
carried out. Therefore, the present invention 1s different from
Japanese Unexamined Patent Publication (Koka1) No. 2002-
262496 1n that the divided core 1s press-fitted to the shatt
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portion (or a reinforcing member) such as the spring pin
betore the divided cores are connected to each other. In addi-
tion, 1n Japanese Unexamined Patent Publication (Koka1) No.
2002-262496, when the length of the core 1n the stacking
direction becomes larger (1.e., the number of stacked cores 1s
increased), misalignment between holes for nivets of the
stacks 1s likely to occur, whereby the workability of driving
the rivet may be deteriorated. The same 1s also applicable to
when the rivet 1s replaced with the spring pin. On the other
hand, 1n the present invention, the neighboring divided cores
may be connected to each other after the divided core (or the
stack thereot) 1s press-fitted to the shaft portion, whereby the
workability 1s extremely high.

The connecting portions, capable being connected to each
other by being rotated about the shaft portion, may be elasti-
cally deformable. For example, as shown in FIG. 3, front ends
28a and 285 of hook-shaped connecting portions 20a and 2056
may have protruberances 30a and 305, respectively, wherein
the protruberances extend 1n the circumierential direction and
opposing directions. When the rigidity of the connecting por-
tion and the protruberance 1s high, the divided cores cannot be
properly connected by rotating the divided core. However,
when the rigidity of at least one of the connecting portion and
the protruberance 1s low so as to be elastically deformed (for
example, the front end 1s thin or the protruberance 1s small),
the neighboring divided cores may be connected while elas-
tically deforming the elastically deformable portion. By uti-
lizing the elastic deformation, the connecting portion and the
protruberance return to their original shapes when the con-
necting operation 1s completed, and the protruberance pre-
vents the neighboring cores from moving relative to each
other, whereby the divided cores may be securely connected.

FI1G. 4 shows an example wherein a cylindrical member 32
1s attached to rotor 10 of FIG. 1. As shown, rotor 10 has
cylindrical member 32 which 1s coaxially fitted to the inner
portion of the annular core formed by divided cores 18. For
example, cylindrical member 32 may be fixed to supporting
member 12 which a hole for fixing 1s formed, by means of a
bolt (not shown). Otherwise, cylindrical member 32 may be
fixed to the inner portion of the annular core by iterference it
such as shrinkage-fitting or press-fitting. When cylindrical
member 32 1s fixed by interference fit, the distance between
cach pole of rotor 10 may be equalized, whereby the rotation
ol the electric motor may be smooth.

In detail, when each divided core 18 1s designed so that the
connecting portions of the divided cores may be connected to
cach other with no gap therebetween but the connecting
operation thereol cannot be manually completed, 1deal con-
nection may be carried out by interference fit of cylindrical
member 32 which utilizes the surface pressure which acts on
cach divided core 18 in the outward radial direction. Other-
wise, a gap may be formed between the connecting portions
in order to improve the workability, the neighboring divided
cores may be connected to each other while maintaining the
gap, and then the distance between the neighboring divided
cores may be increased by interference {it of cylindrical mem-
ber 32. By virtue of this, the connecting portions are assuredly
connected with no gap therebetween, and the distance
between each pole may be constant. Therefore, when cylin-
drical member 32 1s used, the connecting operation of the
divided cores may not be manually completed.

Rotor 10 according to the present invention may be manu-
factured by a method comprising: positioning a plurality of
shaft portions 14 on generally annular supporting member 12
in a circumierential direction at regular intervals; 1nserting
shaft portions 14 of supporting member 12 into respective
hole portions 16 of divided cores 18 configured to be fitted to
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the shaft portions so that divided cores 18 are located on
supporting member 12; and forming the generally annular
core by rotating at least one of neighboring divided cores 18
about shait portion 14 so that connecting portions 20a and
206 of the neighboring cores are connected to each other.
Further, when the rotor has cylindrical member 32, the rotor
may be manufactured by fitting cylindrical member 32 to the
inner portion of the generally annular core, after forming the
generally annular core constituted by divided cores 18.

Preferably, at normal temperature, an outer diameter of
cylindrical member 32 1s larger than an inner diameter of the
generally annular core, and thus cylindrical member 32 1s
fitted to the inner portion of the core by interference fit,
concretely, by shrinkage-fitting, cooling-fit or press-fitting,
ctc. Further, by forming a screw hole (not shown) on cylin-
drical member 32, rotor 10 may be easily connected to
another member.

In the embodiment of FIG. 2, hole portion 16 of divided
core has the circular-shape, and shatt portion 14 configured to
be fitted to the hole portion has the solid or hollow cylindrical
shape. In this regard, the cylindrical shape may include a
member having a generally C-shape such as spring pin 14.
Otherwise, as a shape similar to the solid or hollow cylindrical
shape, a member having a radial cross-section of an ellipse
shape may be used. When the radial cross-section of shaft
portion 14 1s generally circular, a proper angular position of
divided core 18 cannot be determined unless the divided core
comes 1nto contact with the connecting portion of the neigh-
boring divided core after being rotated. Then, as shown 1n
FIG. 5, when hole portion 16' of divided core 18 has a polygo-
nal shape and shait portion 14' configured to be fitted to the
hole portion has a polygonal column shape, the angular posi-
tion of the divided core may easily determined by using a
plane of the polygonal shape. I1 both the hole portion and the
shaft portion have polygonal shapes, 1t 1s difficult to rotate the
divided core when there 1s no gap between the hole portion
and the shaft portion or when both the hole portion and the
shaft portion are formed by a material having high rigidity.
However, divided core 18 may be easily rotated about shatt
portion 14', by forming a certain gap (or allowance) between
shaft portion 14" and hole portion 16' or by forming the shaift
portion by a material which 1s more flexible than a material of
the core.

FIG. 6 shows an example wherein a permanent magnet 34
1s arranged 1n rotor 10. Permanent magnet 34 1s disposed
between neighboring divided cores 18. In particular, perma-
nent magnet 18 1s positioned 1n a recess portion 36 which 1s
formed by denting a part of a circumierential edge of divided
core 18. Rotor 10 as shown 1n FIG. 6 1s a radial-type rotor
wherein each permanent magnet 34 1s positioned so that the
magnetizing direction thereof (indicated by an arrow 38) 1s
generally perpendicular to the radial direction of rotor 10. In
general, 1n the electric motor wherein the connecting portion
of the divided core functions as a part of a major magnetic
path, the performance of the motor may be deteriorated since
the magnetic flux 1s difficult to pass through the connecting
portion. However, 1n the radial-type electric motor as shown
in FIG. 6, an effective magnetic path may be formed by
permanent magnet 34, as indicated by an arrow 40. In other
words, 1n the embodiment of FIG. 6, the connecting portion,
illustrated as the hook-shape, 1s not used as the major mag-
netic path, and thus it 1s not disadvantage 11 the magnetic flux
1s difficult to pass through the connecting portion.

According to the present mnvention, since the divided core
1s {itted to the shaft portion arranged on the supporting mem-
ber, the positioning accuracy between the divided cores may
be improved and there may be no gap between the connecting
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portions of the divided cores. As a result, an annular core with
high dimensional accuracy may be obtained. Further, since
the fitting operation of the divided core with the shait portion
and the connecting operation of the neighboring divided cores
may be separated, the workability may be improved.

When the connecting portion 1s configured so that the
neighboring divided cores may be connected to each other by
rotating the divided core about the shait portion, the assem-
bling accuracy and workability of the core may be further
improved.

By further arranging the cylindrical member which 1s fitted
to the iner portion of the generally annular core, the surface
pressure from the cylindrical member may be utilized, and
thus the connecting operation of the divided cores may not be
manually completed. Further, when the outer diameter of the
cylindrical member i1s larger than the mner diameter of the
generally annular core and the cylindrical member 1s fitted to
the mner portion of the annular core by interference fit, the
distance between each pole of the rotor may be equalized, and
the rotation of the electric motor may be smooth.

By positioning the permanent magnet between the neigh-
boring divided cores so that the magnetizing direction of the
magnet 1s generally perpendicular to the radial direction of
the rotor, the magnetic flux may easily pass through the con-
necting portion between the divided cores.

When the shaft portion and the hole portion of the divided
core configured to be fitted to the shaft portion have a polygo-
nal shape, the angular position of the divided core about the
shaft portion may be easily determined by using a plane of the
polygonal shape.

While the mvention has been described with reference to
specific embodiments chosen for the purpose of illustration, 1t
should be apparent that numerous modifications could be
made thereto, by one skilled 1n the art, without departing from
the basic concept and scope of the invention.

The mvention claimed 1s:

1. A rotor of an electric motor, comprising:

a generally annular supporting member;

a plurality of shait portions positioned on the supporting
member 1n a circumierential direction at regular inter-
vals, the shaft portions extending generally parallel to a
rotation axis of the rotor; and

a plurality of divided cores each having a hole portion
which 1s fitted to each of the shait portions and a con-
necting portion configured to be connected to a connect-
ing portion of a neighboring divided core,
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wherein each of the divided cores 1s connected to the neigh-

boring divided core by means of the connecting portion

while being fitted to the shaft portion so that a generally
annular core 1s formed,

and wherein the connecting portion of the divided core 1s

configured to be connected to the connecting portion of

the neighboring divided core by rotating the divided core
about the shaft portion.

2. The rotor as set forth i claim 1, further comprising a

cylindrical member which 1s fitted to an 1nner portion of the

generally annular core.
3. The rotor as set forth in claim 2, wherein an outer

diameter of the cylindrical member 1s larger than an inner
diameter of the generally annular core, and the cylindrical
member 1s fitted to the mner portion of the generally annular
member by interference fit.

4. The rotor as set forth i claim 1, further comprising a
permanent magnet disposed between neighboring divided
cores so that a magnetizing direction of the permanent mag-
net 1s perpendicular to a radial direction of the rotor.

5. The rotor as set forth 1n claim 1, wherein the hole portion
has a polygonal shape, and the shait portion has a polygonal
column shape.

6. The rotor as set forth in claim 1, wherein the hole portion
has a circular shape, and the shaft portion has a solid or hollow
cylindrical shape.

7. A production method of a rotor of an electric motor, the
method comprising the steps of:

positioning a plurality of shait portions on a generally

annular supporting member 1n a circumierential direc-
tion at regular intervals, the shaft portions extending
generally parallel to a rotation axis of the rotor;

fitting a plurality of divided cores to respective shaft por-

tions, each divided core having a hole portion which 1s
fitted to each of the shait portions and a connecting
portion configured to be connected to a connecting por-
tion of a neighboring divided core; and

forming a generally annular core by rotating at least one of

neighboring divided cores about the shait portion so that
the connecting portions of the neighboring divided cores
are connected to each other.

8. The production method as set forth 1n claim 7, turther
comprising the step of fitting a cylindrical member to an inner
portion of the generally annular core by interference fit, after
the step of forming the generally annular core by connecting
the divided cores to each other.
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